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ABSTRACT
Due to the clean energy imperatives and strong desire to reduce greenhouse gas
emissions, electric vehicles (EVs) were introduced into the car market several decades
ago. In 2016, electric cars hit a new record with over 750 thousand sales worldwide.
China was the largest electric car market with more than 40% of all car sales in the
world. With an increasing number of electric cars, private and publicly accessible
charging infrastructure has also continued to grow. As most of the time these electric
cars are parked in personal or public car parks. A car park with these parked electric
vehicles can be regarded as a large energy storage system. These vehicle batteries
can be used as energy storage devices to exchange the power between the grid and
vehicles. With this idea, a new smart car park model is proposed, where the power
flows among electrical vehicles, as well as between batteries and the main grid. Based
on this model, an optimal charging/discharging scheme is developed to maximum
the profits for the car park and reduce the cost for the car owners. The proposed
smart electrical car park is able to buy or sell electricity in the form of active and/or
reactive power, i.e. kWh and/or kVARh, from or to the main grid to improve the
power quality. According to the current state of charge of the car battery bank,
customer and grid demands, a control centre makes the decisions and sends the
instructions for the specific charging/discharging mode to each charging station.
The model predictive control (MPC) method is distinguished for its several ad-
vantages: free of modulation, simple inclusion of system parameters, constraints
and demands in the algorithm. With this MPC strategy, EV chargers are able to
transmit the active and reactive power between the EV batteries and the power
grid. When providing the reactive power from the EVs to the main grid, EV bat-
teries can be regarded as static VAR compensators to improve the power quality.
To improve the system performance, a modified MPC scheme is proposed for better
performance. The modified MPC is based on the application of an optimal voltage
vector chosen from an extended set of 20 modulated voltage vectors with a fixed
duty ratio. To solve the computational problem introduced by the increased volt-
age sets, a pre-selective algorithm is proposed for the MMPC method. Six voltage
vectors are pre-selected from the 20 sectors. The conventional and proposed MPC
methods are compared through numerical simulation and experimental test results
via a two-stage two-level three-phase off-board charger. Better system performance
can be achieved with the modified MPC method.
The conventional MPCmethod, however, produces a large overshoot/undershoot,
a long settling time and a large steady state error under disturbances. To overcome
these deficiencies, a sliding mode controller is employed to replace the PI controller
in MPC. A model predictive sliding mode control (MPSMC) scheme is proposed to
achieve better stability and dynamic performances. Since the control law and the
controller are based on the system model, the proposed scheme can reduce the effects
of unexpected disturbances, such as the output voltage demand and the resistive load
variations. Numerical simulation and experimental test results are obtained via the
proposed MPSMC method and compared with the results form the traditional MPC
scheme.
For convenient integration into the power grid, the topology of an electric car
park can be based on either AC bus or DC bus. The EV chargers can be controlled
to achieve four-quadrant operation, delivering active and reactive power from or to
the main grid. The system performance obtained from simulation tests with these
two topologies are compared and discussed, including the cost, reliability, size, active
and reactive power ripples, and current distortion, etc.
